This is an empirical examination of the quality of teacher assignments and student work in Singapore schools. Using a theoretical framework based on principles of authentic assessment and intellectual quality, two sets of criteria and scoring rubrics were developed for the training of expert teachers to judge the quality of assignments and student work. Following rigorous training, the inter-rater reliability of expert teacher scoring was high. Samples of teacher assignments and student work were collected in English, social studies, mathematics, and science subject areas from a random stratified sample of 30 elementary schools and 29 high schools. For both grade levels, there were significant differences for the authentic intellectual quality of teachers' assignments by subject area. Likewise, the differences of authentic intellectual quality for student work were significant and varied by subject area. Subject area effect was large. The correlations between the quality of teachers' assignment tasks and student work were strong and significant at both grade levels. Where teachers set more intellectually demanding tasks, students were more likely to generate work or artefacts judged to be of higher quality. The findings suggest that teacher professional development in authentic intellectual assessment task design can contribute to the improvement of student learning and performance. It is argued that this will be a key requisite of educational systems like Singapore that are seeking to expand pedagogy and student outcomes beyond a focus on factual and rote knowledge.
Introduction
Education systems across Asia have moved quickly in the last decade to embrace new models of learning. In the educational systems of East Asia, including Hong Kong, Taiwan, Japan, South Korea and other countries -policies now speak to the new imperatives for critical and creative thinking, about the need for autonomous thinking and the construction of knowledge. These new aims index the new curriculum settlement: the skills, competencies and knowledges putatively tied to knowledge economies and cultural globalisation . As typical as they might seem for OECD educational system policy-makers and researchers, these mark a quantum shift in policy and thinking for East Asian education systems. In part, they raise questions about current standards and practices of curriculum, instruction and assessment, which, for several decades now, have been characterised and stereotyped as 'chalk and talk', and 'rote teaching', featuring didactic pedagogy, worksheet and 'fill in the blank' assessment (e.g., Alexander 2001; Watkins and Biggs 2001) . These pedagogic *Corresponding author. Email: kimhong.koh@nie.edu.sg features are generally attributed to strong examination-oriented educational cultures . The responses to this perceived problem have been mixed, including a general orientation towards incorporation of neoliberal educational reforms and systems, with complex and varied results and effects (Tan 1997 (Tan , 1998 Mok and Chan 2002) .
In Singapore, there has been a press towards educational reform and innovation since the 'Thinking Schools Learning Nation' policies of the late 1990s (Gopinathan 1996) . In the last four years this has entailed systematic policy moves towards what could be construed as progressive and constructivist teacher development and curriculum reforms. The emphasis is on local curriculum development, teacher decisionmaking on pedagogical approach and alternative assessment methods -e.g., Strategies for Active and Independent Learning (SAIL); Strategies for Effective Engagement and Development (SEED); Science Practical Assessment (SPA). Such moves are attempts to open up pedagogical practice and begin delinking it from a strong examination culture, oriented towards the replication of facts and ideational content. At the same time, there is now substantial documentation that the didactic, teacher-centred patterns of classroom talk and action are ubiquitous, that they do occur in practice with persistence and frequency across subject areas (Kramer-Dahl, Teo and Chia 2007 ). Yet even indepth description of pedagogical exchange and practice tell only a partial story, unless the key connections from classroom assessment to student outcomes, broadly defined and construed, can be established (Newmann and Associates 1996; Ladwig 2007 ). The following questions have been the objects of study by researchers from the United States and Australia. What are the actual assessment practices that teachers put into play in classrooms? How do these mediate and moderate intellectual and cognitive demand and depth? And how are these linked to the quality of the written work that students produce in response to the assigned tasks?
To date, little information has been available to policy-makers, school officials, and teachers regarding the classroom assessment practices and their effects on students' learning in East Asian countries including Singapore. This study aims to investigate the extent to which Singaporean teachers make authentic intellectual demands on students in their classroom assessment practices. The specific objectives of the inquiry are (a) to describe the patterns of the classroom assessment practices in both elementary and high schools, (b) to examine the quality of teacher assignments or assessment tasks, (c) to examine the quality of student work in response to the teacher assignments or assessment tasks, and (d) to determine the relationship between the quality of teacher assignments and the quality of student work.
Moving from conventional to authentic assessment
Conventional assessment of student achievement historically has focused on the reproduction of factual and procedural knowledge from students (Moss, Girard and Haniford 2006) . The items on such assessments typically measure recall of discrete facts, retrieval of given information, and application of routine computational formulas or procedures (Newmann, Lopez and Bryk 1998) . But while 'snapshot' conventional assessment results give a partial picture of students' performance at a given moment (Rochex 2006) , they have increasingly been enlisted for high-stakes purposes, from the ranking of students and cohorts to judgements about teachers' professional capacity and performance, overall school and system efficacy (Nichols, Berliner and Glass 2006) . This has been part of the broader agenda of neoliberal policy reforms which emphasise 'steering from a distance'; these, increasingly, are having stronger influences across the educational systems of East Asia (Luke and Hogan 2006) , complementing the aforementioned traditional educational cultures and pedagogical approaches. One of the effects of the US policy focus on high-stakes testing is an increasing tendency of teachers to 'teach to the test' by mirroring their instruction and assessment to the high-stakes exam formats rather than to the intended learning outcomes (Nichols and Berliner 2007) . First wave studies of classroom and systemic effects of the No Child Left Behind reforms have provided documentation of this phenomenon (Abedi 2004; Evans and Hornberger 2005) .
In contrast, several decades of research on human learning and performance has documented that conventional assessments struggle to establish valid measures of students' higher-order cognitive abilities or to support their capacities to perform realworld tasks (Resnick 1987) . The argument of current human capital policy, Singapore's included, is as follows: the preparation of students to become critical thinkers, productive workers, and lifelong learners in the new knowledge-based economies, requires classroom assessment to move toward constructivist learning approaches to promote students' higher-order thinking skills, in-depth conceptual understanding, real-world problem-solving abilities, and communication skills (e.g., Shepard 1989 Shepard , 2000 Newmann and Associates 1996; Darling-Hammond and Falk 1997) . Following this logic, a key practical point of leverage in achieving these goals would be for teachers to design classroom assignments or assessment tasks that require students to demonstrate authentic intellectual capacities.
Previous research has shown that when teachers assigned more intellectually demanding assignments, students were able to demonstrate more complex intellectual performance in their work. Newmann and Associates' (1996) ; Newmann et al. 1998, and 2001) and Bryk, Nagaoka and Newmann's (2000) studies examined the intellectual quality of teachers' assignments in mathematics and writing at Grades 3, 6, and 8 in Chicago schools. They found that students who received assignments requiring more challenging intellectual work achieved greater than average gains on the Iowa Tests of Basic Skills in reading and mathematics, and demonstrated higher performance in reading, mathematics, and writing on the Illinois Goals Assessment Program. In addition, there was a strong relationship between the quality of teacher assignments and student work; that is, teachers who assigned more intellectually demanding tasks were more likely to get authentic intellectual work from students. In the Clare and Aschbacher (2001) and Matsumura (2003) studies, the quality of the teacher assignments was found to be significantly associated with the quality of classroom instruction and the quality of student work in language arts. Similarly, in Australian research and development work, Lingard et al. (2001) and Ladwig (2007) found that the quality of students' written work was dependent upon the intellectual demand levels of assessment tasks that teachers set. In the Queensland 'New Basics' curriculum reforms, evaluation studies found that setting of more complex, intellectually demanding and authentic tasks were conducive to student work of greater depth and rigour (Department of Education, Training and the Arts 2004).
In the breakthrough work of the US school reform, Newmann et al.'s (1996) 'authentic intellectual work' consists of three criteria: construction of knowledge, disciplined inquiry, and value beyond the school. Their overall claim is that authentic intellectual work enables students to engage in higher-order thinking and real-world problem-solving rather than just routine use of facts and procedures. Where teachers aim for authentic student performance, they create assignments or assessment tasks that called upon students to construct their own meaning or knowledge, through indepth disciplined inquiry. This in turn is linked to real-world problems that have meaning and applicability beyond success in school.
Newmann's criteria for observing 'authentic pedagogy' and assessing 'authentic intellectual work' provided the basis for the Queensland 'productive pedagogies' model (Lingard et al. 2001) . That model expanded Newmann's three criteria to include knowledge criticism, technical metalanguage, inclusive knowledge and explicitness of expectations as new indicators, as well as longstanding conventional indicators from research in instructional psychology, such as time-on-task. In an adaptation of the Newmann design, Queensland researchers (Lingard et al. 2001; Ladwig 2007 ) set up teacher moderation panels to assess the links between the frequency of occurrence of productive pedagogy in classrooms and the intellectual quality of teacher assessment tasks and related student work. While the Queensland study did not have access to student conventional achievement outcome data, it was able to establish a link between the level of intellectual and cognitive demand and the quality of student-produced written work.
In this study, nine criteria adopted from the Newmann model and the Singapore classroom coding scheme (Luke, Cazden et al. 2005) were used to evaluate the quality of the teachers' assignments or assessment tasks: depth of knowledge, knowledge criticism, knowledge manipulation, sustained writing, clarity and organisation, connections to the real world beyond the classroom, supportive task framing, student control, and explicit performance standards/marking criteria. Likewise, six criteria were used to judge the quality of student work: depth of knowledge, knowledge criticism, knowledge manipulation, sustained writing, quality of student writing/ answers, and connections to the real world beyond the classroom.
The Singapore Classroom Coding Scheme was designed to measure the classroom instruction. Some of the criteria used in this study were purposely parallel to those in the Singapore Classroom Coding Scheme. This will allow for an investigation of the relationship between classroom instruction and assessment practices in work currently underway. Like the Queensland work, that scheme attempted to describe elements of pedagogy not covered in Newmann's original criteria. But it also used Bernstein's (1990) concepts of classification and framing to focus on how knowledge is textually represented and contextualised in teacher assignments or assessment tasks. This led to the inclusion of criteria for knowledge criticism, knowledge manipulation, and depth of knowledge. Unlike the Wisconsin and Queensland work, it did not attempt to assess 'higher-order thinking', but concentrated on documenting how knowledge is represented by teachers in the day-to-day classroom assessment tasks and by students in their work in response to the tasks. In this regard, it departed from the work on cognition and thinking to focus on textual representation. As a result, it was well suited to guide the expert analysis of student work -which ranged from worksheets, to projects and montages, to essays and short response pieces.
In the following section, we will outline a brief explanation of each of the criteria used in the study to assess the authentic intellectual quality of teacher assignments/ assessment tasks and student work.
Depth of knowledge
According to the revised Bloom's taxonomy of intended student learning outcomes, there are three types of knowledge, namely factual knowledge, procedural knowledge, and conceptual knowledge (Anderson and Krathwohl 2001) . Factual knowledge is knowledge of discrete and decontextualised content elements (i.e., bits of information), whereas procedural knowledge entails knowledge of using discipline-specific skills, rules, algorithms, techniques, tools, and methods. Conceptual knowledge involves knowledge of complex, organised, and structured knowledge forms (i.e., how a particular subject matter is organised and structured, how the different parts or bits of information are interconnected and interrelated in a more systematic manner, and how these parts function together). All three types of knowledge are essential for student learning. Hence, we focus on the extent to which teachers require students to demonstrate mastery of knowledge in day-to-day classroom assignments or assessment tasks.
Knowledge criticism
Based on models of critical literacy and critical pedagogy, knowledge criticism is a predisposition to the generation of alternative perspectives, critical arguments, and new solutions or knowledge (Luke 2004) . A new observational category that was first coded in the Queensland studies (Ladwig 2007) , it is based on the assumption that assessment tasks require students to judge the value, credibility, and soundness of different sources of information or knowledge through comparison and critique, rather than to accept and present all information or knowledge as given. Accordingly, it draws together the imperatives of critical education with models of education for new economies (New London Group 1996) .
Knowledge manipulation
Knowledge manipulation calls for an application of higher-order thinking and reasoning skills in the reconstruction of texts, intellectual artefacts and knowledge (e.g., Cole 1996) . It involves organisation, interpretation, analysis, synthesis, and/or evaluation of information (Anderson and Krathwohl 2001) . Assessment tasks should provide students with more opportunities to make their own hypotheses and generalisations in order to solve problems, arrive at conclusions, or discover new meanings, rather than only to reproduce information expounded by the teacher or textbooks, or to reproduce fragments of knowledge and preordained procedures.
In line with Newmann et al.'s (1996) authentic intellectual work framework, sustained writing and connections to the real world beyond the classroom were also included. The former was meant to gauge the degree to which the assessment task required and generated production of extended chunks of prose. The latter assesses, as in the Newmann prototype, the degree to which the assessment task and affiliated artefact had an ostensible connection to an activity, function or task outside the school context.
In particular, we contend that teacher's supportive task framing will result in higher intellectual quality in student work. Teacher's scaffolding of an assignment task, that is, providing some structure and guidance, can assist students to accomplish a complex task (Nitko 2004) . There are three types of scaffolding: content, procedural, and strategic. For high intellectual tasks, teachers should place more emphasis on strategic scaffolding. Task clarity and organisation, student control, and explicit performance standards/ marking criteria are conceptualised based on Marzano's (1992) learning-centred instruction. The assumption here is that the explicitness of the procedures and criteria for the task provides clear goals and explicit criteria and language for the assessment of value. This, Bernstein (1990) and others argue, has the effect of demystifying the official grounds and criteria for knowledge for students and, indeed, teachers. The incorporation of these criteria into the classroom assessment provides students with opportunities to engage in independent learning and critical thinking.
Sustained writing
The task asks students to elaborate on their understanding, explanations, arguments, or conclusions through the generation of sustained written prose. This is a relative measure for use by teacher/markers, rather than affiliated with a single subject or age benchmark for the production of lexical volume or semantic complexity.
Clarity and organisation
The assessment task is framed logically and has instructions that are easy to understand so that students will not have misinterpretations and missing information. Here we examined the written instructions, guidelines, worksheets, and other textual advanced organisers provided to students.
Student control
Teachers provide students with the opportunity to determine the parameters of a task such as topics or questions to answer, alternative procedures, tools and resources to use (e.g., textbook, internet, or newspaper), length of writing or response, or performance or marking criteria.
Explicit performance standards/marking criteria
The task is provided with the teacher's clear expectations for students' performance and the marking criteria are made explicitly clear to the students. Reference to only technical or procedural requirements (e.g., the number of examples, length of an essay or response) is not taken as evidence of explicit performance standards or marking criteria. Here we were looking for specific and differentiated criteria for what might count as 'value', quality or success at completion of the task.
Following Bernstein (1990) , we begin from the assumption that the message system of assessment shapes student performance and behaviour in normative and deliberate ways. This is particularly the case in test-driven and examination-driven educational cultures, where what counts as pedagogy and curriculum is strongly mediated by what is set as the assessable task for student performance and affiliated target outcomes for students. As Bernstein argues, this may occur with varying degrees of explicitness and implicitness, transparency and opacity, with differential effects and consequences for students of different sociocultural backgrounds. We therefore applied the above-mentioned criteria to the evaluation of the quality of student work, looking empirically for continuities and discontinuities between task/assignment and work/product.
Methods

Samples
We collected 4097 samples of teachers' assignments or assessment tasks and associated student work from Grade 5 and Grade 9 lessons of English, social studies, mathematics, and science in 59 Singapore schools (30 elementary schools and 29 high schools) over two years (2004) (2005) . The schools were part of a random stratified sample designed to represent the diversity of school types and sociodemographic variables in the Singapore system. Grades 5 and 9 were chosen because students are streamed into hierarchical ability groups. In Grade 5, there are three streams: EM1 1 , EM2 2 , and EM3 3 ; whereas Grade 9 has four streams 4 : Special, Express, Normal Academic, and Normal Technical. Sample selection aimed at a random stratified sample of Singapore schools and students, covering diverse school types, socioeconomic and linguistic student characteristics, and age/stream variables . Because of the size and scope of the system, this was a rare opportunity to capture a generalisable picture of a system's assessment practices and outcomes at work.
The types of assignments included the full range of activities set by Singapore teachers: daily class work, homework assignments, major assignments/projects, and teacher-made tests. Each teacher was asked to submit four samples each of highquality, medium-quality, and low-quality student work in response to each type of assignment.
In this way, the sample provides a representative picture of the classroom-based assessment practices of teachers and students on a stream and subject-specific basis across a small-scale national system.
Scoring rubrics
We developed two sets of generic scoring rubrics (one for assignments and the other for student work) and 20 subject-specific exemplars for both grade levels according to the authentic intellectual quality criteria. All criteria were scored on 4-point rating scales (ranging from 1 = no requirement/no demonstration to 4 = high requirement/ high level). Studies on reliability and the number of rating categories have found that the use of a 3-point scale and above is optimal (Masters 1974; Cicchetti, Showalter and Tyrer 1985) . Cicchetti et al.'s (1985) Monte Carlo simulation study has shown that there was always an increase in inter-rater reliability levels as the number of categories increased up to seven categories, with the most dramatic increase being between two and three categories. The use of odd numbers of scale points such as 3, 5, and 7 points could result in response sets wherein raters might tend to choose the middle category of the scale. For rating scales with 5, 6, and 7 categories, teacher assessors can become confused in determining the differences between the categories in the process of rating (Wilkerson and Lang 2007) . Hence, we opted for a 4-point scale.
In addition to the number of rating categories, factors such as training and experience of the raters play an important role in the inter-rater agreement because they will lead to more rating consistency. As such, our study employed a group of 35 experienced teachers from non-participating schools. All of them were identified by their colleagues and administrators as excellent teachers in their respective curriculum fields. The teachers were trained to be fully conversant with the criteria and scoring rubrics. They were asked to try out their scoring on the subject-specific anchor papers for both assignments and student work. After their scoring had reached a percentage of exact agreement of above 70%, they were asked to score the actual assignments and student work samples. Throughout the scoring sessions, inter-rater reliability checks were conducted at regular intervals to ensure the integrity and consistency of scoring.
Both teacher assignments and student work were randomly assigned to teacher raters, and each criterion was first scored independently by at least two raters. The raters compared their scores, and if they differed, they were asked to justify their individual scores and to discuss the discrepancy until they reached agreement on a final score. In scoring student work, the large volume of Grade 5 English and mathematics artefacts precluded double scoring for all of them. All the teacher assignments and student work in the other subjects were double-scored.
For both assignments and student work, scores for Grades 5 and 9 were assigned on the basis of reasonable expectations within the grade level according to the subjectspecific syllabus. In most of the subject areas, the percentages of exact agreement were above 70%, indicating good inter-rater reliability.
Results
Patterns of classroom assessment practices
Over the two years, most of the teachers' assignment or assessment tasks in English, social studies, mathematics, and science at both grade levels were found to have centred upon class work. As seen in Table 1 , class work has the highest percentage compared to other types of work assigned to students across subject area and grade level. In total, the class work assignments were 80.4% and 65.0% for Grade 5 and Grade 9, respectively. The percentages of homework were higher than those of test and major assignment or project across subject area and grade level.
In short, the results indicated that a significant majority of types of student work at both primary and secondary levels consisted of within class, single-shot class work. Teachers' assignments comprised a relatively low proportion of major assignments or projects. In other words, there was a very limited evidence of classroom focus on extended projects or tasks of duration and complexity. A closer look at the tests revealed that most of them were teacher-made and had been used principally for summative rather than formative purposes.
Quality of teachers' assignment tasks
Discriminant function analyses were carried out on the authentic intellectual quality criteria in order to examine the linear combination of the criteria in discriminating the quality of the teachers' assignment tasks between the four subject areas at Grade 5 and Grade 9, separately. We did not include clarity and organisation in the analysis because the distribution of the variable was negatively skewed owing to high rating scores for the majority of the assessment tasks. This indicates that the majority of the tasks set by teachers were clear and well organised. Hence, a transformation of the variable would lose the original meaning of the scores.
Grade 5
The discriminant function test statistics were presented in Table 2 . Both the Wilks' Lambda and the chi-square tests indicated that the first two discriminant functions were statistically significant. The two discriminant functions accounted for 67% and 24% of the total variance, respectively. Thus, most of the variance in the quality of teachers' assessment tasks across the four subject areas was attributed to the first discriminant function. Table 3 shows the importance of the different criteria for the discrimination. The first function was dominated by large loadings from 'connections to the real world beyond the classroom', 'knowledge criticism', 'knowledge manipulation', 'depth of knowledge', and 'student control'. The second function was dominated by large loadings from 'supportive task framing', 'explicit performance standards/marking criteria', and 'sustained writing'.
As seen in Figure 1 , the first discriminant function maximally separated social studies from the other three subject areas whereas the second discriminant function discriminated mathematics and social studies from English and science. However, the distances of the four subject areas on the second discriminant function were closer than those on the first discriminant function. Post hoc pairwise multiple comparisons of the mean differences were conducted using the Tukey method, which provided protection against the Type I error. Effect sizes were computed by using the method of Cohen's d for independent samples. According to Cohen (1992) The mean differences between social studies and the other three subject areas were significant on 'connections to the real world beyond the classroom', 'student control', and 'sustained writing'. For 'connections to the real world beyond the classroom', the effect sizes were the following: social studies > English, d = 1.72; social studies > mathematics, d = 2.49; and social studies > science, d = 0.97. For 'student control', the effect sizes were social studies > English, d = 1.00; social studies > mathematics, d = 1.13; and social studies > science, d = 0.60. For 'sustained writing', social studies > English, d = 0.83; social studies > mathematics, d = 0.59; and social studies > science, d = 0.76. The results indicated that the mean differences of 'connections to the real world beyond the classroom' and 'student control' were greater for the social studies-English and social studies-mathematics comparisons than for the social studies-science comparison. The subject area effect was large. The means of social studies were higher than those of mathematics, English, and science on 'knowledge criticism' (social studies > English, d = 0.90; social studies > mathematics, d = 1.67; and social studies > science, d = 0.30) and 'knowledge manipulation' (social studies > English, d = 1.34; social studies > mathematics, d = 1.39; and social studies > science, d = 0.47). For 'depth of knowledge', the mean difference between social studies and science was not significant (d = 0.11). However, social studies differed significantly from mathematics (d = 1.27) and English (d = 0.95), with a large subject area effect.
Science was found to have higher means than mathematics and English for 'connections to the real world beyond the classroom' (ds = 1.10; 0.61), 'knowledge criticism' (ds = 1.86; 0.73), 'knowledge manipulation' (ds = 1.18; 1.04), and 'depth of knowledge' (ds = 1.91; 1.30). There was a mean difference of 'supportive task framing' between mathematics and English (d = 0.69) but the subject area effect was moderate.
Our findings suggested that the authenticity and knowledge domains distinguished between social studies and the other three subject areas. This was consistent with the nature of the assessment tasks in social studies, where students were given the opportunity to solve real world problems and to critique important social issues. 
Grade 9
The discriminant function test statistics in Table 4 showed that all three discriminant functions were statistically significant. The first discriminant function accounted for the most variance of the quality of teachers' assignment tasks across subject areas, that is, 58%, followed by 29% for the second discriminant function, and 13% for the third.
The relationships between the authentic intellectual criteria with their respective dimensions were evident in Table 5 . The first discriminant function was dominated by large loadings from 'depth of knowledge', 'knowledge manipulation', and 'connections to the real world beyond the classroom'. 'Supportive task framing' had a negative relationship with the first function. The second discriminant function was defined by only one criterion, which was 'explicit performance standards/marking criteria'; and the third discriminant function was dominated by large loadings from 'student control', 'knowledge criticism', and 'sustained writing'.
The group centroids of the four groups on the pairwise discriminant functions were displayed from Figures 2a-2c. On the first discriminant function, English differed the most from the other subject areas whereas the second discriminant function discriminated social studies and combined sciences from English and mathematics. Social studies differed significantly from the other three subject areas on the third discriminant function. All the three criteria that were related to the first discriminant function could be defined as knowledge domain and the third function was active learning. The results indicated that English assessment tasks demanded students to apply and generate knowledge that were related to the real world. Social studies assessment tasks required students to engage in more critique of knowledge and sustained writing. Students were also given more control over the task parameters. In combined sciences (biology, chemistry, and physics) and social studies, teachers tended to make the performance However, the Tukey homogeneous subsets of means showed that the mean differences between English and social studies on 'knowledge manipulation' and 'sustained writing' were not statistically significant. Their effect sizes were also small. Among the subject areas, English had the highest mean score on 'connections to the real world beyond the classroom'. The mean scores of mathematics assessment tasks were consistently lower than the other three subject areas on 'depth of knowledge', 'knowledge criticism', 'knowledge manipulation', 'connections to the real world beyond the classroom', and 'sustained writing'. This implies that the authentic intellectual quality of mathematics assessment tasks in Grade 9 was lower than that of the other three subject areas. Although there was a focus on depth of knowledge in science, the degree of knowledge criticism and manipulation was still lower than English and social studies.
Quality of student work
Discriminant function analyses were conducted to examine the linear combination of the authentic intellectual criteria in differentiating the quality of student work between the four subject areas at both grade levels.
Grade 5
The discriminant function test statistics in Table 6 showed that all the three discriminant functions were statistically significant. The chi-square statistics for each of the functions were significant due to a large sample size. The Wilks' Lambda value indicated that the third function was not significant. The first discriminant function accounted for 68% of the total variance, followed by 30% from the second function, and only 2% from the third function. This indicated that most of the variance in the quality of student work across the four subject areas was attributed to the first discriminant function. Table 7 shows the importance of the criteria in relation to the different discrimination functions. The first function was dominated by large loadings from 'connections to the real world beyond the classroom', 'knowledge criticism', 'depth of knowledge', and 'knowledge manipulation'. The second function was defined by 'connections to the real world beyond the classroom' and the third function was related to 'sustained writing'.
As seen in Figures 3a and 3b , both the first and second discriminant functions maximally separated social studies from the other three subject areas. The group centroid for social studies was further apart from the group centroids for the other subject areas. On the third discriminant function, the group centroids of the four subject areas did not differ much from each other (see Figures 3b and 3c ). The post hoc pairwise multiple comparisons of the mean differences indicated that the means of social studies were higher than other subject areas on all the authentic intellectual criteria except for 'depth of knowledge'. For 'connections to the real world beyond the classroom', the effect sizes were the following: social studies > English, Cohen's d = 1.87; social studies > mathematics, d = 2.27; and social studies > science, d = 1.06. For 'knowledge criticism', the effect sizes were social studies > English, d = 0.73; social studies > mathematics, d = 1.62; and social studies > science, d = 0.04. For 'knowledge manipulation', social studies > English, d = 1.01; social studies > mathematics, d = 1.24; and social studies > science, d = 0.31; and for 'sustained writing', social studies > English, d = 0.56; social studies > mathematics, d = 0.44; and social studies > science, d = 0.73. The effect size estimates indicated that the mean differences of 'connections to the real world beyond the classroom' between social studies and the other three subject areas were large. The mean differences of 'knowledge criticism' and 'knowledge manipulation' were greater for the social studies-English and social studies-mathematics comparisons than for the social studies-science comparison. Interestingly, the mean difference between social studies and science was negligible on 'knowledge criticism'.
Science was found to have the highest mean on 'depth of knowledge'. The science-mathematics and science-English comparisons had large effect sizes (ds = 1.84; 0.86). The effect was somewhat modest for the science-English (d = 0.78). In addition, the means of science on other authentic intellectual criteria were uniformly higher than English and mathematics with effect sizes ranging from 0.76 to 2.68.
The social studies findings were consistent with the assessment tasks collected from the teachers. Students in the elementary social studies lessons were more likely to be involved in more performance-based tasks such as debate, role-play, small group work, and poster-making. These tasks had closer approximations to daily realworld problems, which required them to engage in higher-order thinking, weighing, evaluation and reconstruction of knowledge before they could arrive at the answers. For example, students were given a graphic organiser to brainstorm their idea on how to improve the facilities for the senior citizens in their neighbourhood and to write a letter to the relevant authorities. In another example -a prototypical community project -students were given the opportunity to organise, interpret, synthesise and evaluate relevant information before they generated and put the new idea into a letter to solve the real-world problem.
Grade 9
The discriminant function test statistics in Table 8 indicated that all three discriminant functions were statistically significant. The first discriminant function accounted for 76% of the total variance in the quality of student work across subject areas. The second discriminant function accounted for 20% of the total variance and the third discriminant function accounted for only 5% of the total variance with a high Wilks' Lambda value.
The structure coefficients in Table 9 showed the relationships between the authentic intellectual criteria with their respective dimensions. The first discriminant function was dominated by large loadings from 'connections to the real world beyond the classroom' and 'knowledge manipulation'. 'Depth of knowledge' defined the Table 9 . Structure coefficients of the discriminant functions for Grade 9 students' work. second discriminant function. The third discriminant function was attributed by 'sustained writing' and 'knowledge criticism'. The group centroids of the four subject areas were displayed in Figures 4a-4c . On the first discriminant function, English differed the most from the other three subject areas whereas the second discriminant function did not have a distinct separation of subject areas. Social studies differed from the other three subject areas on the third discriminant function. Figure 4a . Group centroids for Grade 9 students' work: function 1 versus function 2. Figure 4b . Group centroids for Grade 9 students' work: function 2 versus function 3. Figure 4c . Group centroids for Grade 9 students' work: function 1 versus function 3.
As expected, student work in Grade 9 English focused more on organisation, interpretation, synthesis, or evaluation of information; application of linguistic knowledge and skills; and construction of new information that had a high level of real-world connection. In social studies, students were engaged in critiquing social-political and economic issues through extensive writing.
The results of the post hoc comparisons showed that English had significantly higher mean scores than the other three subject areas on 'connections to the real world beyond the classroom' (English > social studies, d = 1.48; English > mathematics, d = 1.77; English > combined sciences, d = 1.48) and 'knowledge manipulation' (English > social studies, d = 1.11; English > mathematics, d = 1.77; English > combined sciences, d = 1.24). The effect sizes indicated a large subject effect.
The mean differences between English and social studies were neither statistically nor practically significant on 'knowledge criticism' (d = 0.03) and 'sustained writing' (d = 0.11) but both subject areas had significant higher mean scores on these two criteria than combined sciences and mathematics. For 'depth of knowledge', the mean differences between combined sciences and other subject areas were significant (combined sciences > social studies, d = 0.67; combined sciences > English, d = 0.81; combined sciences > mathematics, d = 1.53). On all authentic intellectual criteria, mathematics had the lowest mean scores. The relationship between the quality of teacher assignments and the quality of student work Tables 10 and 11 presented the correlations between the domain scores of the quality of teachers' assignment tasks and student work in Grades 5 and 9, respectively. Most pairs of the correlations were statistically significant and had moderate to large correlations, indicating that the quality of the teachers' assignment tasks was correlated to the quality of student work. For example, when teachers' assignment tasks had required a high level of knowledge criticism, student work was most likely to demonstrate high levels of knowledge criticism and manipulation. There is evidence here, as in Newmann and Associates (1996) Policy implications: resolving the tension between the conventional and authentic This paper has reported on a large-scale, representative study of teacher assessment practices and student work across subject areas, streams, and grade levels. It provides a rare opportunity to see classroom assessment and student work in production across an entire educational jurisdiction. It described the relationship between the levels of intellectual demand of classroom-based lesson and unit activities set by teachers and the levels of intellectual quality of student work generated in these activities. The quantitative assessments of teacher assignments and student work were undertaken though the use of qualitative rubrics, and moderated judgements exercised by trained panels of expert teachers. The high correlations between the rated quality of teacher assessment task and student work show once again how assessment practices strongly shape 'what will count' as quality student work, and thereby constrain and mediate the variable levels and kinds of student intellectual artefacts and texts produced. This cannot be normatively taken as teacher inefficiency, for it is noteworthy that most teacher assignments were rated highly for clarity and organisation. Yet a focus on lower order, content and fact reproduction in the tasks teachers assign sets defining constraints and thresholds for student intellectual, cognitive and cultural engagement with the curriculum. These thresholds show up in the quality of student work as judged by expert teacher panels. There are, we have noted here, some important exceptional cases. In the case of primary social studies education, where more open-ended and intellectually demanding tasks were set, student work 'rose to the challenge' and was rated higher in intellectual quality. Some of these tasks included: community-focused analyses, problem-based tasks and small group work. Appendix A provides a model primary social studies worksheet where the focus is on community-based problem-solving, a 'connected to the world' activity. We think it is not coincidental that the primary social studies curriculum is not driven by high-stakes examination. This provides us with a key hypothesis: that a de-linkage of classroom work from high-stakes examination/testing drivers appears to generate the curriculum conditions that enable the setting of richer tasks and, accordingly, higher-order student products.
This may have significant implications for the leverage points and the policy strategies for teacher change, assessment reform and curriculum development in Singapore, and in East Asian educational systems more generally. The Singaporean educational context, like many others in East Asia, sets out complex messages around assessment. On the one hand, students' test scores from conventional assessments remain the key indicator of teachers' job performance and school effectiveness. This is particularly the case in high-stakes matriculation examinations. At other key junctures including the Year 6 Primary School Leaving Examination, the GCE 'O' and 'A' Levels, comparative results are used to rank school performance. The Singaporean educational system, like Japan, Hong Kong and South Korea, remains one where civic and media, parental and student consciousness is often driven by a competitive focus on examination results, outcomes and their consequences for students' lives (Kang 2005) . These forces are being accentuated by the conditions of economic globalisation, workforce change, and economic transition more generally. At the same time, Singaporean teachers are being encouraged in pre-service teacher education, in-service professional development and systemic curricular policy to incorporate holistic, developmental and formative assessments (e.g., project work, performance-based tasks, and student self-assessment) into their classroom practices. As noted at the onset, this policy focus is not simply about making the system more student-centred, but is seen to align with the shift towards preparation of a workforce with adaptive and collaborative, higher-order, critical and creative capacities. A prevailing assumption in the international literature is that alternative assessments encourage instructional strategies that foster reasoning, problem-solving, and communication (Frederiksen and Collins 1989; National Council on Education Standards and Testing 1992) . Our study appears to corroborate this. The current issue is how the system at large, how individual schools and teachers should and can strike the requisite educational balance between these traditional high-stakes indicators of performance and the imperatives to make alternative, authentic assessments 'count' in classrooms and lessons. This remains a matter of policy and practical tension. This is especially the case in those East Asian education systems that from their pre-colonial inception, through European colonisation, to their postcolonial reformation have been informed by an historical Chinese culture of examination.
The findings of this study indicate that the teaching of higher-order thinking skills, critical analysis, and knowledge construction poses an ongoing challenge to Singapore schools, teachers and students. Students' performance is strongly influenced by the depth and level of demand set out in teachers' assignments, most of which were characterised by clarity and explicitness. In this regard, an alternative interpretation of our data would be that teachers and schools are highly successful at defining and assigning, producing and rewarding factual and basic knowledge. Whether this is taken as a key achievement of the system, an ongoing problem -or indeed, possibly both of these -remains a central educational issue for policy-makers and curriculum developers.
The present study provides indications that teachers' assessment practices remain focused on the format of drill and practice of basic knowledge and skills, of factual and procedural knowledge. In a separate survey of the teachers studied here, the strongest stated rationale that maths, science and English teachers used to explain their assessment practices was 'to prepare students for the exam'. Again, not surprisingly, the exceptional case -primary social studies teachers -rated syllabus requirements, not examination preparation, as their highest priority. Singapore students can and do perform well in the high-stakes national exams and international assessments. Yet if we view curriculum and instruction as a series of 'trade-offs' in emphasis and focus, it would appear from our findings here that higher-order and intellectually demanding work 'counts' less in classrooms.
Our study sets the stage for a series of ongoing interventions around the redesigning of classroom teaching and assessment methods. It is clear that the development of Singaporean teachers' assessment literacy in assessment-for-learning and innovative task designs will be required if the ambitious goals of current educational policies are to be met, in Singapore, Hong Kong and across East Asian systems at a similar historical policy juncture. This has implications for pre-service teacher education, inservice training and curriculum reform.
Our approach is to engage teachers in dialogue around assignments and student work as a strategy for professional self-reflection and change (Koh, Lee and Gong 2006) . This approach has proven highly successful in changing assessment practice in Queensland, where teacher moderation systems have long been in place with powerful adjunct effects on pedagogical change and curricular reform (e.g., Cumming and Maxwell 2004) . 5 We are already finding that many are receptive to deepening their reflections on the quality of an assignment and its impact on the nature of student work. To change what counts as knowledge and learning in classrooms, the systematic reform of assessment would need to be addressed on two fronts, at both tensile points we have described here. Singapore itself is engaged in a broad-ranging dialogue about the reform of high-stakes assessment, having moved towards selective exceptions of cohorts from high-stakes assessment, gradual diminution of the O Levels, the introduction of alternative credentials (e.g., the International Baccalaureate), and the inclusion of project work in senior matriculation. It has also introduced reforms at the 'demand' end by deregulating university admissions processes.
But larger-scale assessment reform in itself will not change a culture of assessment practice that focuses largely on conventional, lower-order worksheets and fact/recall. This will require direct attention to enhancing and expanding the actual classroom assessment practice of teachers.
